The Vibrio harveyi hemolysin gene (vhh), which encodes for a virulence factor involved in pathogenicity to fish and shellfish species, may be targeted for species detection or strain differentiation. Primers designed for this gene were used in detection studies of V. harveyi strains from various hosts. One primer set among four tested, could amplify the expected gene fragment in PCR using templates from all 11 V. harveyi strains studied. Detection of the presence of the hemolysin gene could therefore serve as a suitable detection marker of Vibrio harveyi isolates potentially pathogenic to fish and shrimps.
Introduction
The luminous bacterium Vibrio harveyi was initially considered a normal component of marine intestinal microflora (Baumann et al., 1980) . Recently, Vibrio harveyi has appeared to be a primary pathogen infecting hatchery-reared fish and shellfish species over a wide geographical area (Pass et al., 1987; Pizzutto and Hirst, 1995; Vandenberghe et al., 1998; Zhang and Austin, 2000) . Mortalities in hatchery-reared penaeid shrimps caused by Vibrio harveyi infection has resulted in severe economic losses in producing countries in Asia (Karunasagar et al., 1994; Lavilla-Pitogo et al., 1990; Liu et al., 1996) . The lack of tools that clearly differentiate Vibrio harveyi from its phylogenetically close relatives V. campbellii, V. alginolyticus and V. parahaemolyticus (Kita-Tsukamoto et al., 1993) has hampered the rapid and accurate detection of the luminous bacterium.
A molecular approach to develop detection procedures for bacterial pathogens involves targeting one of the genes encoding a virulence factor. One such gene implicated in the virulence of Vibrio species encodes for hemolysins. Hemolysins are responsible for the disruption of the erythrocyte membrane or hemolysis and genes encoding for hemolysins have been reported to be present in several members of the genus including V. harveyi (Hirono et al., 1996; Nishibuchi and Kaper, 1995; Nishibuchi et al., 1990; Zhang et al., 2001) . Hemolysin genes have been targeted in PCR for the detection of pathogenic strains of Vibrio species including hemolysin genes (tl, tdh and trh) of V. parahaemolyticus (Bej et al., 1999) and V. vulnificus cytolysin gene (Lee et al., 1998) .
Studies conducted by Zhang and Austin (2000) suggested that hemolysins are one of the pathogenic determinants of several V. harveyi strains isolated from a variety of hosts and geographic origins. Subsequently, they isolated the duplicated hemolysin genes (vhhA and vhhB) of a strain of V. harveyi pathogenic to salmons (Zhang et al., 2001) . Sequences of the two copies of the V. harveyi (VIB 645) hemolysin genes (vhhA and vhhB), are almost identical and primers that could amplify the 1.3 kb open reading frame of both copies are already available but have not been used for detection of the species. The vhh gene sequences of V. harveyi VIB 645 showed the highest homology with the thermolabile gene (tl) of the close relative V. parahaemolyticus, but with only 85.6% degree of identity, suggesting that the sequence variation in the hemolysin genes of different species may be targeted for species-specific detection of Vibrio isolates.
This present study focused on the detection of ten V. harveyi strains from various hosts and a reference V. harveyi strain IFO 15634, using new PCR primers designed in this study and targeting the hemolysin gene. A combination of the new PCR primers and a primer set from an earlier study by Zhang and co-workers (2001) was also tested, resulting in the identification of a primer set specific for amplifying a 308-bp fragment of the hemolysin gene in all strains of V. harveyi tested. The ultimate goal of the study is to develop a protocol for the rapid and accurate detection of V. harveyi via hemolysin gene-targeted PCR in order to facilitate effective disease prevention and surveillance of hatchery-reared marine animals.
Materials and Methods
Bacterial isolates or strains. Ten Vibrio harveyi isolates obtained from various geographic origin and hosts (Table 1 ) from the Vibrio collection in the Department of Biological Sciences, Heriot-Watt University, Edinburgh, UK, through the generous assistance of Dr. Brian Austin were used in this study. These isolates were characterized and identification was verified using the protocol reported by Pedersen and co-workers (1998) . This research also utilized reference strains of Vibrio harveyi (IFO 15634). Other closely related Vibrio species (Table 2 ) from the Institute of Fermentation Osaka, (IFO) Japan, and Institute of Molecular and Cellular Biosciences (IAM), University of Tokyo, were also used to determine if the primers anneal to genes of non-target Vibrio isolates. These isolates were kindly provided by Dr. Rose Monsalud of the Philippine National Collection of Microorganisms, Los Baños, Laguna. Non-Vibrio bacteria were also used to test the specificity of primers to V. harveyi.
Vibrio cultures were routinely grown in Marine agar (Pronadisa Hispanlab, Madrid, Spain) or Nutrient agar (Becton Dickinson and Company, Cockeysville, MD, USA) with 1.5% NaCl at 30°C overnight. Non-Vibrio bacterial cultures were maintained by growing in LuriaBertani agar (LB agar, Pronadisa Hispanlab) with overnight incubation at 37°C.
DNA extraction. Genomic DNA extracts from bacteria and black tiger shrimp (Penaeus monodon) were prepared using a commercially available Nucleospin ® Tissue kit (Clontech Laboratories, Inc., Palo Alto, CA, USA). One possible use of the detection procedure is analysis of shrimp samples or water from shrimp ponds; thus, DNA from black tiger shrimp (Penaeus monodon) was also used as a template for PCR to show that primers were not annealing to shrimp DNA.
PCR amplification of the V. harveyi hemolysin gene (vhh).
Primers targeting different regions of the vhh gene utilized in this study are listed in Table 3 . Oligonucleotide primers for the amplification of the hemolysin gene fragment were designed with the aid of the DNASIS v2.5 program based on the nucleotide sequences of reported vhhA and vhhB genes from V. . PCR products were resolved by electrophoresis in 1.5% agarose gel with 3.5 mm wells. Direct sequencing of PCR product. The PCR reaction mixture containing the amplified fragments of the hemolysin gene of Vibrio harveyi (IFO 15634) was purified using a Nucleotrap PCR Purification Kit (Clontech Laboratories). The purified PCR product was subjected to sequencing protocols using the ABI 377 Automated Sequencer (Perkin Elmer, Foster City, CA, USA) of the AMOR Laboratory (NIMBB, University of the Philippines, Diliman).
Results

Amplification of the V. harveyi hemolysin gene (vhh)
PCR primers reported by Zhang and co-workers (2001) were used to amplify the 1.3 kb open reading frame of the hemolysin gene in the reference strain V. harveyi IFO 15634 (Fig. 1) . The identity of the PCRamplified 1.3 kb product was verified by direct sequencing and BLAST homology search. The partial nucleotide sequence displays 95% homology with the reported Vibrio harveyi vhhA and vhhB genes deposited in the GenBank database (data not shown). Subsequently, other nested primers were designed in this study in order to amplify internal hemolysin vhh gene fragments in the V. harveyi reference strain. Primer sequences used (Table 3 ) include a primer set F2 and R2 designed in this study, generating a 216-bp hemolysin gene fragment. PCR reactions using combinations of the old and new primers and template DNA from the reference V. harveyi strain, was observed to yield amplified fragments with the following approximate sizes: 308 bp and 1.2 kb (with primer sets, F1R2 a Nucleotide positions are relative to the first nucleotide of the vhh gene of V. harveyi (GenBank Accession number AF293430).
Fig. 1. Primer annealing sites (A) and profile of amplified products of the V. harveyi vhh gene using different primer combinations (B).
Lanes 1-4: 1.3 kb, 216 bp, 308 bp and 1.2 kb amplified fragments using the primer sets F1R1, F2R2, F1R2 and F2R1, respectively. M is the 100 bp DNA ladder (Roche Applied Bioscience, Indianapolis, IN, USA). and F2R1, respectively; Fig. 1) .
In order to test the universality of the primer sets in producing the expected vhh gene amplified fragments, genomic DNA extracts from ten (10) Vibrio harveyi isolates from different hosts and geographical locations were used as PCR templates (Fig. 2) . The 1.3 kb PCR product generated using the F1R1 primer set (designed in an earlier study) was observed in all V. harveyi strains tested except 2 strains, VIB 391 and STD 3-101, isolated from larval shrimp in Thailand and Ecuador, respectively. Amplified DNA fragments were also observed from all isolates tested after PCR using the new set of primers F2R2 and the combined primers F2R1 (216-bp and 1.2-kb, respectively), except in two Vibrio harveyi strains that did not yield the expected products with F1R1 either. Interestingly, the 308-bp amplified fragment produced by the F1R2 primer set with V. harveyi (IFO 15634) was consistently obtained in all ten (10) V. harveyi strains. The expected 308-bp band and an additional 600-bp amplicon were observed in profiles of one strain from Ecuador (STD 3-101). The presence of this additional band can not be explained at this time.
Test for the specificity of the PCR detection protocol for V. harveyi vhh gene
The specificity of the primer set amplifying 308-bp Vibrio harveyi vhh gene fragment was established by using the target V. harveyi, non-target Vibrio species, and several non-Vibrio DNA templates (data not shown). The expected amplicon was only observed in V. harveyi. Use of DNA templates from non-Vibrio species and the black tiger shrimp (Penaeus monodon) did not yield the 308-bp amplicon, indicating that no false positive results will be obtained even in the presence of these DNA in samples to be analyzed.
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CONEJERO and HEDREYDA Vol. 50 A-D, use of primer sets F1R1, F2R2, F1R2 and F2R1, respectively. Lanes 1-11, V. harveyi DNA templates from Vibrio harveyi isolates IFO 15634, VIB 295, VIB 391, VIB 572, VIB 645, VIB 647, VIB 648, VIB 649, VIB 653, VIB 658 and STD 3-101, respectively. M contains 100-bp DNA ladder and lane 12 is the negative control.
Discussion
The primers reported in a previous study (Zhang et al., 2001) were utilized in the PCR amplification of the 1.3 kb hemolysin gene from Vibrio harveyi strains obtained from different geographic locations (Table 1) . Amplification using the reported primer set successfully generated 1.3 kb putative hemolysin gene from only nine out of eleven strains including the reference V. harveyi strain IFO 15634 ( Fig. 2A) . This observation suggests that the other two strains may not possess the gene, or the possibility that sequence variations within the annealing site of at least one of the primers exist. Partial DNA sequence analysis of the resulting 1.3 kb fragment from the reference V. harveyi IFO 15634 strain and sequence comparison with the previously reported vhhA and vhhB genes, confirmed that the amplicon is the gene for V. harveyi hemolysin.
It was necessary to design other primers that could result in amplification of a hemolysin gene fragment for all strains studied, including the variant strains of V. harveyi from Thailand and Ecuador. Accordingly, a set of new primers designated as F2R2, F2 for the forward primer and R2 for the reverse primer (Table 2 and Fig.  1 ), was designed in this study. The use of F2 and R2 primers could amplify a 216-bp internal fragment of the hemolysin gene in nine out of the eleven V. harveyi strains used (Fig. 2B) but did not amplify genes of the isolates from Thailand (VIB 391) or Ecuador . When the F2 forward primer designed in this study was used in combination with the reverse primer R1 from a previous study (Zhang et al., 2001) , the expected 1.2-kb amplicon was observed in nine (9) V. harveyi strains, but still no PCR product was produced in the Thailand or Ecuador isolates (Fig. 2D) . Finally, a universal primer set was discovered in another PCR experiment that made use of a combination of a forward primer F1 from Zhang and co-workers (2001) and a reverse primer R2, designed in this study. The F1 and R2 primer combination or primer set F1R2, could amplify the expected 308-bp PCR amplicon in all of the eleven (11) V. harveyi strains (Fig. 2C) , including the isolates from Thailand and Ecuador. This finding suggests that the annealing sites for primer set F1R2 were relatively conserved in all strains of V. harveyi used in this study. The PCR product, which is approximately 308-bp, was amplified using the following optimized PCR conditions: denaturation at 94°C for 1 min, annealing at 53°C for 1 min, and extension at 72°C for 1 min. Reaction mixture for optimum amplification include the following components: 1.5 mM MgCl 2 , 0.2 mM deoxynucleotide triphosphate (dNTP) mix, 1ϫ PCR buffer, 0.5 mM of each primer (F1 and R2) and 0.025 U/ml of Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA).
All primer sets used in this study could amplify hemolysin gene fragments of all strains exhibiting reference strain characteristics but not the variants from Thailand and Ecuador. These PCR results are consistent with results of a previous study that characterized and grouped these isolates based on amplified fragment length polymophism (AFLP) profiles (Pedersen et al., 1998) . Strains that could be detected by all primer sets in this study belonged to AFLP cluster 1, which was considered to be the bonafide V. harveyi group. The two variant isolates were not grouped in the same AFLP cluster; the isolate from Thailand (VIB 391) belonged to cluster 4 and the isolate from Ecuador (STD 3-101) was unclassified. Both variants were only detected using the primers for the 308-bp PCR product, suggesting that significant sequence variation in hemolysin gene sequence from these two strains of V. harveyi. Moreover, the variant strain from Ecuador possesses an additional 600-bp amplicon, requiring further sequence analysis. It would be interesting to sequence the complete hemolysin genes of the shrimp-derived strains from Thailand and Ecuador in order to compare V. harveyi hemolysin sequences with those reported in the database and in order to investigate the possible significance of these variations in shrimp pathogenesis.
The PCR protocol specifically amplifying the 308-bp vhh fragment in Vibrio harveyi may facilitate the rapid and accurate detection of V. harveyi from infected fish and shellfish species. This will allow early diagnosis of V. harveyi infection for effective disease prevention and surveillance.
